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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve ohmic 
characteristic by forming, in a p-side electrode, a contact 
layer which includes silver, in contact with a layer made 
of p-type nitride semiconductor and forming a layer 
made of tungsten on the contact layer. 
SOLUTION: A p-side electrode is constituted of a light 
transmitting electrode and a bonding pad section. More 
specifically, a block layer 13 comprising at least Si02 is 
selectively formed on a p-type GaN contact layer 9 and 
then a light transmitting electrode stacked with a first 
metal layer 10, second metal layer 11, and tungsten 
layer 12 is formed on the rest of the surface, As the first 
metal layer 10, silver is preferably used. As the second 
metal layer 11, gold is preferably used. By using either 

silver or a mixture of silver and gold for contact metal to be brought into contact with the p- 
type contact layer 9, an ohmic contact with the p-type contact layer 9 can be improved. 
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n mnmitm&^-mwfr ^£hw>2^mb. 

ftrtEtS 1 wJf tfgM LTfSit ^ixtz p ffliMffi t , 

mriEm 2 «at»M LTMtt n mm&t , 
mmp § iijtsi lufBH i ^/itcffiM txtm^iim 

(Ag) JMt^^y?? hJit , ifria^^^^N 

«±t^t^ix^^y^X-fy (W) Mi:. £ 

[|f*il2] fflia^y^'x^y (W) £>4>3ri>Ji<o± 

n m^mmm^mm^ h^^m2^mb. 
mam i ««csa* t-ctatt p m®bs t . 

(Hf ) , TVl'S— ^ (A l ) Mfii-?> 

(Ti ) co\, ay?? bmt , ffirie^y^ 

^hiico±^iaft^>t^>-^x-r>- (W) 

urmt. m£^VTm<F>±.izWLftbixtz± (au ) tp 
[ n&m 5 ] mrism i cow* , p so h -^°>- h £ #w 

LSU£ S 1 0 0 n rn\;j.TC7)MWLCDmfrt>%: 9 , 
LmW-tf 1 0 0 n mlXTWMWiVMfrtottK) „ 

»fltoJR¥3Wk&» =Sr £ £ i: £4$» i: & If 1 ~ 5 

tzzb zwffib -rtn i - 6 *n vr*u&» i otE» 



ISraBt3(ffi»TOfcS8KLT»t«iJt:-y*-^ (Ni) 

b zmmb 

[M3SH9 3 nScOS-ft^^flt^ia^SnlWikp 

~~nyf#oimtEp savant p im^ >• ? ? hSffiJi 



itrnm-h-TMb, 
*mm-&JMb. 

mi^&mzav^xmm-th-TMb. 



<m-, 



b zw<kbth*mw%miT<7ymmm. 

1 ] HfTlfinlliJrjy^? bSttiitt, 
A (Hf ) . T/kS-^A ( A 1 ) %Xfi-?y (T i ) 

[tiwtai 2] miPW^y?? jg (a 

g) ^^h^M±tzli~'ydr)V (N i ) OV^^ 1 

CflKtJSl 3 ] MfEpH^y^^ b«ffi«i7)±tc^«M 

*^Ltimmmz&^xmim±^m%m*fm 

■thTMb, 

tifr 1 ^zim^mffc&ym^crtwmmko 



>-tL 



[0001] 

I±CGaN, InGaN, GaAlN^t'^ittS 

*mikm% btmm § twzwmTxh ~> x , wmta 
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[0002] 

mmcoimi mfcxv vj±t,zKmzft&mimi%k¥m 

[ 0 0 0 3 ] Srii. *Wc*5W£ r^t.ft^«#:j k 
(i. B,In 7 Al I Ga (1 . I . ? . j) N (Ofixfil, 0^ 
ySl. 0^z^l)cOIII — V^t.'&^J^^f*:^^- 
S&fc, V^TCfRi; LT(i, NfcjDiTU^ (P) 

*?mm (As > *i;£***-4ayfci*tj&<04:-$-4. 

[0004] S^fcflflMNWctfflV^^Jfe^-f Ji"— f 

(led) ^H^Wtcl^-i^ t'^563te»^ £Jttfc*-4 i 

tz. mwm^mmt. i&Aj££&Ktfffi< . sasr 

[ 0 0 0 5 ] JilT. »fl^ 3 l^**£fflV*fc¥*Wt*f 

Mk LTl6*«f ^MC*(f TiBjJtS o 
[ 0 0 0 6 ] H8«S. fiM^^*ft3:ffll^fi£*s0?g 

TSSl 0 1C0±^, GaNA , 7 7ri (El^fHH* ) s 
nlG aN1102t pIG aN1106 ^fgHtfcfiS 
ft. pMGaNiil 0 g|i^x-y^-y^'B*$>ftT 
nlGaNll 0 2t>m^ftX^h. pMGaNJI6 

nMz&pmmwM (Au ) 121, t pi*yf^ 
yyn®coTt,znimjkm<r>%mm 1 1 3, ^-«±^p 

{IBfBJKSl 2 1 i:SStt$*ifcp«Jt?>"r-f >^'«ttl 
2 3 (Ti/Au) *qg«S#t, §£>t3nMGaN/l± 
(-nfIMffil2 2 (Al/Au) SjfMS^XtV^o 
[0007] H80f&3te;5M FfciS^TH:, P(»K 

mfr^m.z ftfznmmm&<7)m->mmm&i 2 1 -era 

^[*I(^f htl, plGaNll06Kn!GaN 

jgi 0 2t,zm%?d>mA$tixmtL, ^(nmmmmm 

12 1 *WklX**7*TftlZJBL*)\&%1\h. 
[0 0 08] 

ft* Sr WfitT 4 ZbtmL^b^o WH* 4 S> -> . r&jfc 

5J-— 5 -y^itMSr^SiktfllU^ g-ffciRj 

mmmTh hb\^o rnmtfh *> tz . 

[0009] IffllWl IfcWSr^-y 

*ff -3 i b am l < . WMb^mftm&mcommimiz 

Oral® *> ft -5 „ 

[0010] afs^BHti. ico J; 53rWf tcil^T^Sti 



mitw&^&zbizfoh. 

[0011] 

2.0Mb, msm 1 comizmmLxmi htitz p hh 
*u is (As) t*iri*4 3v^^hJii:, firie^v^ 

7\-m<7>^ztmhfttz?>7X^r> (W) A'&SrSJH 

[0012] Ifris^y^'x-fy (w) *»/?>5rS 

[0013] § ^z, mmymmnmcD±izmi titi 

tz*-J 3 - h jb & § 6 t»i . mi e*-^ s- 3 - b 

(Ni ) 36»6!fir&JB*^rt-Si4:fc:J:0, Mtt»«M 
fc \- 3 - Mi b *>f**5ME i k *»T * 

[0014] ttzte. ^mco^mw-^m^t. pS 
tt^nfepflwst . Hfriem2^at3fgMLTS(t^n 

fcnfiWtti:. HfrianffiMffiii. tufsmi^ii 

(CSattLTRJt^fL. >\?-*?J* (Hf) , T^S-^ 
A ( A 1 ) SV'f^> (T i ) cr>\-i-ffyfyhti:h^y? 

9 bilk . m&>?7 vm<?)±.i,zm.»bftiz?yyx 

-fy (w) *^^4/^urSk, flraE^'C ur JB«o±t=» 

(t^ix^^ ( Au ) ^SrStfyT-V ■ ^ y VM 
k, £W-r4ik^#i!tkL, n«t45HTfiJMr*- 

5 -y ?im%mkt& b b %> 0 rm^mzj^m t 

[0015] *^BH^M4 L^HJfic0®#k LT . frIS 
UltfOJlii. pfcOH- y^^b^-t-^kJiJf **1 0 0 n 

Jf^Sv^cS^^fflfiSc^a-ftf^^W^^^r-g. £ k 
#Sk L. S 5 >y ^SM^eX^-rS i k j&^CS 

[0016] zzx\ Bfrie^2coS(i, nffi<^F— 

h ?r#* LifA 5 1 0 0 n mtJlT<^BaROJB*>^4 "3 . 

iH^NVH:^ 6 4 4 1 « k "TS i k jWS* L V ^ 
[0017] mriem 1 OS k miEIS 2 tfOgtfO^ 
< k fcv^r*L3W±. mriB«ffikffi«-rsiSHtIHier^ 
ft^a^t<7)kWi\ «ffik^fgMffiWI:J£±LTffi 
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[0018] *&^<9¥#ft$B1[^ffi, 



^aWfcfcRB&'f, InGaAl PW*?l nP^feWW 

[0019]-*, *?|SJ!«¥»ttfS3fc«XOf©i7f}£ 
te , n IWifftlflf^ ft S n Mil fc p MOMlt; 

Ig £ , ffifBf«il#W MB p MMcrMm lz pMayf? 

h^mm&fmt sunt . «7ctt#*£*r*-4*H 

[0020] *^Bfl«*»#:%7fe«^tO»}t* 
}£{4 , n M<9fflfcli0R¥*»b&» ft S n SJf b P I«l 

flSHisR^mw** ^^spiitwn wM&it mm- 

hJMt. m&kmWWffll n lUi^BK n «3 y * 



■XL 



y^? hmmmzmm-hj-fet , mjt&tfxzis&t 

^-rSWSS-^-iXSfc , i:*»«i:U AST 

ft*- 5 -y ^«M2r»-S i 5 <, 

[0021] *%bj^m^ uv^iat^manfc l 
•c, m^nmziy9 9vnmm\±. (h 
f > , t^s-^a ( a i ) mt+vv (t i ) w*-? 

tPiP^tt^b-tttJa. S Iff ft n ffl I* - 5 -y ? #«> <o 

[0022] ItflBpfMny^^ hSffiilii, IS 

(Ag) £^t?-&:£JK££(4->y^;W (Ni ) Wlvf 

-war. jyffftpiH--s 

[0023] tfz, mRpM3y??hWBN<0±.£.± 
MRflSft** ^ ft 4 S3tett^«M * «t 4 II b , B§« 

[0024] tfzte. ^mc^m^ym^mmij 
mt. wm^tj^mmm^mm-hiMb , tu 

3^tt#«M£«ftM^I>X*Ii;, ^fifx^it^M 
tL, S'fftfM^tttE&^ir, InGaAl P^I 
nPMt'«l^flft?:fflV\ loMttlflJ 



[0025] 

mm iz h ^mm&m^ % $tt m^mmm 
Th h . ^mm^mtk^ytm^-n. -*ryrA rmm. 1 

«±(;GaNA 7 7?l (la^HirT) , nMGaNil 
2. nlA 1 GaNrjy^^ nfGaNny? 
?T-JI4. nMGaNJi5, plGaNf6, plAl 
GaN3^; hM7 , pll nGaNay^^M 

[00 26] p(I«gi±, it^'SIHi ^'yf 1 ' -f >-^" • 
J*>y Y-^b -t^hh^ plGaNayj'^b 

!9<7)±Hli, S i 0 2 fti:*^ft47''n>y^Jll 3^ 

AJKiii o/H2co^giii l/^y/^fy (w) jb 

[0027] 7'07?ii 3(i. tfy-Tjy? ■ ^-y H 
OTtcfe^T^ft^^tftV^J; 3 tc«»fL^Milf-r 

[0028] Sll co^SJl 1 0 b LTSX SE ( A g ) £ 

(i, i(Au) *ffl^4;fc)!^l4U^ 4fcti, HI 
O^JRJIl 0 h LTSSh^h^I^-ll^fflV^ ^2(73^ 

CO^JgJll 0 t LT— -y^;k (N i ) SrfflV^ m2co& 

[00 29] ro'^ll 3C0±t(4. 383£tt«®it 
-ai5*qSH!§fiJt«Ji'C, ( T i ) JB 1 8 s 



7*Xf> (W)J119,#(Au)J120 ^ iOJH^Jt 

^-^y (Ti ) si8{4ffi*ii. fyyx^fy (w) a 

1 9{4^UTJB, # ( Au ) JS2 0Wyf-< y^Si: 

[00 30 ]-*, nMrjy^^ hJf4<0±fct4. nffl 
«ffi*%M^tLT^^. 0 -f"fti>*>, y>7-^i. (Hf ) 
ill4/r/k5- r >A (A 1 ) Ml (H 
f ) ill 6/# (Au ) ill 7^"<I<7))IIfftitW$fL, 

y (W) Ii9,i(Au)f2 OZZcnmAzWMLtz 

[00 3 1 ] ZZX\ *ra<7)^ ( Au ) ill 7(4, 
^»7A (Hf)I16 ZUmtZ>**r vTMb L-Tf^ffl 

¥2»ft4"\<0^ ( Au ) <0JftW!flrtSAtB6<%«> 

C.#(Au)il 7«?5JaJ¥(±ttiS!«f»<^-f Sit 
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[00 32] ^^118(1 ®#Jitt-Cffffl 

[0033] M^Ltz nffilMHSwSitii. — WfclJiy 
S^SH*^ ^^7- r >A (Hf ) , f^y (Ti) Sit 

{ir/i-s-^A (a i ) w?tifr-?$> t) , -eso±(c^ 
y/xfv (w) Ay rea^ft&i'u 

jijwk it ^ h z t mm tztn*. 
[0034] m^tm^mma, s i ca^arifiai 

[00 3 5] #f£HJ!Ofi63K§itTO. JBLhBMBLfcflBRfc 
[0036] *%&UzJ:tHi* t~T. pI3 

fc« , IS £ & t 05S£flJ£> i ^-fiifr &m ^ £ i b lz i 

mzmmmzmsx'Z & z t tmwrt izm-> 

[0037] t?z. nmuzxtm. mttnMza^ 
?x7->m 1 9 fcaswt* ztizk <o , rs»a*aa* 

Lo-o. 3J-- S •/ ? i t 5 . -T3r 

AUTW4, nl^y^^^It^yf-f^ 

w-rs. eaai, nitiw^'jrituii, &± 

(Pt) tfm^^KhZb-ifi^fr-otz, L*>U fi* 

k"cr>m%jm<7)mz&&&nW3 h mizmm. 

[0038] £:fltC*f LT, nfflKffi<73A 

urmbLx^y^xr-ymim^^zbi l zx Y ), 

Lx^yyx^-ym^^ht^izii^ ay?7b&m 

bLX. ±iBUfc^:7— ?A (Hf), f-^y (Ti ) 
S^fiT/PS-^^ (Al ) (iDUWJM^^ 

[0 0 3 9] S&fc, *^Bj( = j:ntf. ia^^ffS^r 

si 2 (4. *mi(0¥&6m?<nm3kjjm(o&&t:mt7v 



(£, t7r^ 1 <0_hfc, ¥3WB 2~ 9 

J&J&g-tS. S-JBOJ&JIrJ&^i, Witf, MOCVD 
(metal -organic chemical vapor deposition) , 

V~y4 b'CVD, MBE (molecular beam depositio 

n ) & t'C7)^T5£t £ *) ft? Z t h . 

[0040] ^t, Xf77S2(:^Uc±5t, Pi 

6—9 Sr. mS?Wt^-yf->'^LTnffiGaNJi4 2rffi 
afW9fcy±, «itf, PEP (photo-engrav 
ing process) jjfc X *)^?— — >-^'L, RIE (react 
ive ion etching) ^ t' <?)X -xf y t i X 7 f y 

yZWtZblzXiOfto, 

[004 1 ] mz^ X^fyTS 3 iZ^LtiX 0 IZ^ nl 

WM<7)o-h<v-3y?7hffi*mf&~t&. Mifcmzl±^ M 

gmmm^xj* v ? v y?&%bizx ooaN^y^; 

Ml4tO±tC. y^7- ^ >A^l 4/T/l^S— ^AJll 5 

/^^-^AJSi 7=5r4f**H»L, U?l^ 

y-i£(c J: 0 h . 

[0042]^:, Xf7/S4C*Lfc i 3(C. nfflU 
(J\ afg^"X#HM45(ci3V^T8 0 0 o CkLt-C2 OfWI 
[0043] JJCK. ^T-yTSSifcliSSC^L/iJ: 

^ U y^^ri: t J: Dpi 
•sy?? hS9co±l l z^ ^lto^JRBi o/^2to^Jl 
Bl l/^y/Xfy (W) il 2^ri:*2rJ(I^*ta-r 
-5. >r<IT\ Hlco^MSl0(±. mr^Litid^, 
tg, igi:^i:«fl-&ft. S^(i->y^;K30V>-ffL^T^ 
■S> 0 igc7)*i^di. -e<7)JJ^(i, 0. 5—1 OnmSS 

Vl-g-TOO JJ^{4 , 0 . 5 — 1 0 n mfiJg t ~f h Z b 

0. 5-5nmJ:tl.i5;i i lSU\ 
[0044] ZcomcDJMlZ. p flWflB£>WBfcySt.T 
^m^&o x^r>yTS5^LJtJ;ac 
ay^^filt LT->y^&ffl^^«^-t(4, Xf 

i fc s6*T& S . St. ^OlfHmJi. ?K»i: <7)S 
-^r^'x fc -T & Z b tPX S , 7fc3gco#:ffi-i-#*di 0 . 1 % 

^iSJSti, 5 0 0°COTi:-r-g>i£^'M4Lv^ 
[0045] ifcfc, X-r-y7°S7fc^t^j:a{C, 

^^'y^yy^t'tiot, f-^y (ti)S 

1 8. ^y/Xfy (W)gl9.^(Au)ii20S: 
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[0046] — :6\ X-f--yy°S8l l Z^kLtzj:o< l Z^ rty 
ffcWtCte, H**HJR>t»fc:tHvC 6 0 0*C£LL8 o 0°C 

jaTWiMrtlRJ&Sfc Hrt\ »Hii. M^(S\ 7 5 0 
*CT16 2 0 WS b-9~&Zb&T$t>. 
[0047] mz, xf77Sl OtiUcJ:^:. 31 

tvtfa^Lfcii 9 

[0 048] iXtZ, Xf'/TSl lfcyBLfciolC iK 

m& ! ¥Z.S'i>y7V>y&%:t'tz£.'oX, i~9> (Ti ) 
Ml 8. ^y^f> (W)119,i(Au)l20 

[0049] ELhtfjlgfciJ: 0 , *^HJco*«*5l3e* 

[0050] -xm&ffmgkiiWzii^xkt. t-r. pM 

fc fc i "5 . 53:*- 57? Satt£#£ i fc £ . 

-r >y T S 4 £i> ft£ n v > ? jflJKti: . 8 0 0 °C 

VAlX'foht^zttLX^ Xf77S6, S9, SlOtc 

ts ft h mtm®m± , t vf*t tsoo icja~rc* & . m. 

-)T, H2^tfci-5fcn M«ffi<7)Jf f£ fc v > 9 £ % 
Z btfiQ 

[00 5 1 ] *fc, *5M*0Me^rffit i*Uf , pII 

lllitlUcSC, S 1 0fci5VvCil7E 

tt^fflM+T'T^-^&Sfi-r^ fc tc =fc 0 , Pfflo*- 
5 -y ? ffiM*Mt#§iS«£ $ fcSCtft"* i fc & . 



S o 

[ 0 0 5 3 ] 03ti, *&^##f*ftLfc&3fc3£f<9p 



^tt^^SftSv^i^A (Mg) 3rfcV) P i[ 
K -y n° >• h j&ORSttfW 6 fc ^ a ¥3Sj&*fR& § fix v > 

■fe aBfcWST-*- h fc#> lz . 5 -y ? SMtis^tt 
Sti-fTftofc. 

[00 52] iftfdtf l/C* *?fM=§-(i. pS0>Sfl3HS 
fc * »7t:l^*t- hZb ifX% hfrh X'h h fc ftil $ ix 



mmcommmsm^mt^ y ?mxfo zz 
x\ pmwmi. mi oo^m. ran2 0x<mfcLfc« 

y^^b^MfctTiB (Ag) yKSSr-i-tfaS 
^ilMtft'B 0 0°C 1 0^«r--^£IL)t* 
^T"ftS<, 4fc. r^Bj fc^Lfct<7){±. p» 

crjT--/Wi:tt£^|t^T--&&, 4fc, r ^»Jj fc 
«Lfc^««±. pfllwrjy^? h^Jlfc tTA (Au ) 
Srfflv \ yjc^^-^-tfff H^i4iT<7)T— — M2M% fcv « 

[0 0 54] H3*^. pfflJ<03>-^? h^at LTffi 

m^^hmmmpxT=-~)v^mtz b^zx vmm 

^fc^fctff^ttfco 

[00 5 5] — 3u H4<i. =**BB«3MKfP tfc^* 
Tcr> n fi!lttffifl!l«*^«jE#tt 2r ^-f y 5 7 0T"fc S . 
dT\ nfflKSIi. Pb1P13 5 Oyjmfc tfc» H4tCt3 
^T. r *^HJ]j fc^Ufct^ii. nfflKSJffe LT^n 

(Hf ) Srfflv\ y-^yrflfc Lt^y/xfy 

(W) fcfflVvfcJlH 1 "?**. 4fc, r «*^Jj fc^Lfc 
1 ) *fflV\ a'iJTIJ: LT3^ ( P t ) £fflV^fc5R^- 

[ 0 0 5 6 ] B4 *SEBBK«t*Uf , ^*J; 0 tfif 
MfifiiJy^S^tgM* !> <! fc 3&^j6>4 . , 

ny?; bjitcT;t-S-^A ( a 1 ) ttzi^^y (t 

i ) £ ffl 1^ fc^tC 1 1# ^ tltz » 

[00 57] p«4fcJin«t^titt43y?? hfti£<0 

tz£ 5<,Z^ I nA 1 GaNJlfcA 1 GaNftSSSt 
IlLfcll'?', I nGaNftAlGaNlt^M 
t«JiLfc«jtfc LTi^V^. 

[00 58] I nGaNfcAl GaNIi, GaNCWL 

g«jtfc*Sfc. S^ilBflM-iitsii^f:**. 

[00 59] 4fc„ 1 0 OnmHT^IfSWlftM* 

mfamxim*^ u raue««jpiS36wcft o , mm. 

<om%B!&-t&b%il.t>cr>%-WttT& (tttZ I n^>A 1 £ 
Jg^Vi/^v-^A (Mg) Jb^v^inM^M^t^SS 

fiJK^v-'j 3^ (si) tfrnpir^rw pfJMffi^n 

S £■ « Sfftfc , Fir S^IS^M ^ fflrf fc > «ffi#JR fc 



:«Sft!f%m¥^#:iB fc L . S 1 1 Ztl t> COM 

<^mnffizfo&mwkB&>~?7'*S'*7J* (pfi) 

ai' (nil) fc«ffi#a^^»^MJ£^*a^ L. *-5 
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[0060] -IcOHtfc. &c9£2|£it^SRteML-C«ifi 

[oo6i] ^m^m2comm(ommiz^^x 

[0062] 15{1 ^W%(nW>2VMW?mimzfrfr 

Tii. Eli tH— coW^o^TJi. H— f58r^£tfL 
Tl¥*H : 3rM4«B&-ri» . #HtBB)llfc*iVvCIA, P fj| 

&tf n ^ >- * ? b MftfctS Wt , 

n (McD*®i^ffM 3 fro * 4 . ^iaca^^h 

•s. acto jw^aK d aj l»*m8c*i § fx s . , 
a-ft^*^#;«i: , mffimw 2. 6 7 mm t m*bx it 

T"ASt & <59UW± , £R9f $ *tT L i 3 . £ fxfcM L 

[0063]^ ^m^msomMmmiz^^x 
went*. H6{±, ^wm%3<nmm>mm\<zfrfrh 
wmT<mmmfo*m-tm%mxfoz> » mm^^x 

[0064] ^HWMcOfBfc*? tt. 1 ik-jYLX 

[0 0 6 5] 4fc, *SSH9B9IW£i3VvC(i. pfiiMffi. 
NfMffii hlzyiiy? <{ >7'RCD& ( Au ) 

t'&^f-^^ (T i ) JB1 S^^flftfct^Tt^ 
[0 0 6 6] 4/^ pfflf^ttS^LT^JR^aj-ffll 

js-m^ ^a p mmmiis-f l t a^^w-r 

[0067];^:, ^wmM4c?mw.mmt,zr>\>x 

[ 0 0 6 8 ] H7i3, *w$(rtm4 commcoBmi/zfrfy 
&?mm^mmnf&$:m^-m±MX'$> § . iwns(c?^ 

Ti, HI tWLTl(B*Lfc«><Oi:H— <oat*t«N— 
1 to (-f y^MWkim ) i ) ^rfi«iS2 3 



i)JBl8' tt(Au)l20tJ:MM$titv^ 

[0069] ^mmmtzztux. 1 To^tifi»: 
fctci 0 . #>x> y^^mstfia&s*ut«a[* 1 to 

2 3 ^JfWTHRSnftltyKtf , pfJJS 
[00 70] £(?)S&S«is pfflK«*K3i*Jitt , C*< ft 

[0071] 4t» -7^118' (1 ITOH^ 
-g»aHJf^ffi2 3 tcMLT##5S«^'R#T* 0 . I TO 
3tBJMffi2 3<7)±C0^-— v\'-rj— Mf^^'fe^yf-f 

[00 72 ] *Hlt^ffiti5UT{±. 3^S«fi2 3^ 
(Au) titf-ft^UTfc tT#ffl-r^3t*6, ^-fLt 

?y/^fy (w) Jfti^gtiiSK. IsiHt^L^j; 

a >y *T)V (Ni ) 118' ii(Au)f20 
X^\ ttzli. # (Au) 2 0^T"^mV\ 1SL, 

awns 2 3<7)jK»^«tjEtT^*yrs^^(ti. 

fc, A (Au) ^ffifSC^|JSV^ffffltt^§^tC2JC«-rS 
] JTMk LTfi. ^>^t^ (W) S^: (P 

dnvmiQ' k<M&2 o kcomizfyyxf-y (W) Ji 

£n.^UlW=4>, t'J7T> (Mo) s f- 
(Ti) S.t/^y^/l- (Ta ) raivfft£>£;s;'.;T 
S t L T ffl *> a^^SSS^ff 6 5 - 1 *4h6» ~> 

[00 73 ] *%Bg#{±, 3|s^6fcjgJBifc:tj{tS I TOS 
BJimffi 2 3 *7 a -feX Col ^ififNilW £8* *) M I 

pfilnv^^ btffil 0—1 2^ffML, tKST--;!- 

tULfeafc:. asms 2 3 £jMc-r& i t ot#<3 
[0074] BfraiL7ta2 &#s§ t^mm-tz k . s 

ktfttfr~>tz, £OT--/HcJ; , 9. I TOco 
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( N 2 ) *?T>Vd[> ( A r ) & 

0%coSSSSr^-*S^SH*,+T\ 3 0 
0 — 6 0 0 o C, S hizMt L <l&3 0 0 — 5 0 0°CCDiE 

t, r«ITOJiOT--^Mfi, WWXg^LT 
^#Sr#-i^riU dt-rsfctot. 7K*T--;^as 

[00 7 5] Zcr>T~—)VTM l 7fiMz^ H2 (Citt^ J: 

d a- bm^hib^yf 4 yfwmzm 

[0076] *mtmm< / zi5tf& i TOMt«2 3 1 

a A s WBK.0)±l,Zj&tfi? & I n G a A 1 P^A 1 G a 
A s £V>*M£fflV £> SMlilnPlS 

<7)±.iZ%m-t& I nPl^I nGaAs^ifCD^S: 

*>, I TOWBt4tfl4£-£&:&MJIi: LT— -y^-Srffl 
Y^Zb £ «t 9 , W£<9ff*3&K*ia# LTSB^flffi 
14 * |6F± S ■£ h Z b ifiX' % h . 
[0077] R*£-MrLfc*H5t*TT— — /I' 
fcfcJ: 9, lTO<Z)3/--MtffiSffiT3'ti!\ £ 

[0078] — i?AJ£ W£ i: . I n G a A 1 P^> I n 

pzkcommTiz&uxii, p mzffim&fB& Ltz 
&w zcD£o%i%r&iz, ^wmwf&RVwmirmiz 

[ 0 0 8 0 m±, i^J^^Loo^Bj^HSto 

[008 1 ] #R{£, nfflffiffiOflKti: LT(±, EpkL 

r-StO±(c, t\7—*jj» ( H f ) , y ( T i ) *fc 
(iT/l-S-^A ( A 1 ) 0)\^-fixfy±tz\±, Zti^co^ 

frbKt&rtVTmiW?.. *tf>±fc, £ (An) 

htfvfj ■ F%miifzfot : >vp&ffimx'i>mM 
mn^nh z t tpx-% h . 
[0082] ttz, mtm^wmh. mui. vstts 



£?7>y YmX'&A,t£\^*>n>& ^ f-fiV^rxiWffi&i 
t LX t> $k < , tfz, 'imm*?7 5 >y h'JB=5r if 

at?)^* u -if * ^ to wc naucBffl l t mmco 

[0 083] S^t LTfflv^tDJi, ^f7T^ 

O, ScAlMgO,, LaSrGa0 4 . (LaSr) 
( A 1 Ta ) 0 3 b" COWMfeM®.^. SiC, G a 
N, Si, GaAs*iftf^!Wtta6Kt,H«fc:fflV^T-t 
timwS!)mS:f#-g. i t s6*tr* * . Wfc, G a NtOVi 

UGaNSii LTfflV^it^f^-S.o 
[0 084] it, S c A 1 M g 0 4 *R<^til 
(000 1 ) 1, (LaSr) (AlTa) 0 3 lfi« 

(ill) ffiZM^&zbtmtLW 

[0085] §^>t, ^HSUpfflKSi: nflKftt « 

H^Ji, ^LtlBtS^tPIS^fL-f, FET (feild 
effect transistor : W$f-$b%k b 7 V i> X 9 ) %:b'C0& 

i^tfifcovit i> fflmizmfflt& z b s . 

[0086] 

[0 087] t-f. ^mzxmf, pm?>??bm 

bt£M$~& 3 y?7 bikMb LX , IS, «lt^ 
t^-^^v-»-ftL*^fflv^ii:t <fc piny? 

[0088] *mmz i^Xitf, nfajtiSV^ 

T, nfilny^^ Y&Wicr>±.l l z?>7x"rym$:WL» 
hZblZi.*), rtVT%£k* Wm Loo, :*-5'y?» 

LTfflV^/i>n.T^/te^ (Pt ) CO&olZ^ 5<y^ 
[0 089] *^tJ;ilK, icOiat^'UT 

mbLXfyyxr-ymZ^&M^zi,^ ay? 9b 
&mb LX. ±MLtz^y-VJ± (Hf ) , y ( T 
i ) atiiT/l-S^^A (Al ) COK^ilfrZm^^fzM 

[00 90] Sit, *?ffiB^)IBK51£{c«t*i.tr, pMI 
fc± 0 , JSff 3 -y ^ £M ^# -6 i b j&s-CS S . i 

t*f § ^ji^ y 9 nm± , p iiKffi s * 

B^r^aSSJ; 9«>?8ft\&>6-c»4. -T^^^, nffll 
Sffico^jK ty^^ 5fetfl -3 i i: t «t D , p lilt 
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[009 1 ] ifc, *»BB<oi8a»ffifc: iftff s Pllt 

mm. a toft l fcignsnrca 4 . 



JM7€ 



[0 0 9 2] #»PifcJ:*tff, P«4fcl4nMfc 

*3^T, InAlGaNlhAlGaNftiicSCt 
BL/iffija^K I nGaNSt A 1 GaNJit ^3CS; 

AIJiLitfStt-f 5 4:-. I nGaNhA 1 GaNli. G 
k^l»o 0. 1 ^mlTF^/i^SM^*** 



J± (Mg) feSv^inM^ifet-afeS*^ 
co^'jny (Si) ^vfttfL^-n^ pfflKfl^nflK 

WSflSWrasSHMI t u § t> t,z zti t> com coR 

(nffl) fcMBAKfcfiJparRj&fcjHiU Sv? 

[0093] itfOBt. ^^2Higm^cMtTf*ii 

[0 0 94] 4^ *fMB(c«t*ur, ay^^hgp^-co 
4 . * , Sffico§iJSI3SS t tiJD^- S„ § £ , p fit: 

[0095] § ^SKHfciftff* I TOW&izm 



[0 0 9 6] 4fc, ^cOio^-y^Wk^JIkcora 

£ k £ J: 9 . ikco&M$:mmtzm.£t & ; t 4 . 
[0097] ifc, ifUf, I TOSrtftmLJt 

i 0 , I TOf7)y- hfiKSITSt, #««^>¥*# 

[0098] JiLtpatfci 3 fc. ifUf, 



[02] *ftm03&£&T*3WBM3&0mX&$ttyri 
[ H 3 ] afcWSttfKfii L £f&3£*?« p fl|«fiH^« 

[05] *56Bgoffi 2 c^HSfiO^SS^^^^^^O 
[ H 6 ] *^HJc?)lg 3 cr)Wmvmm f63t»?-^ 
[07] *%HJ^4^Mfi^ffitC^I>^«^0 
[08] a^^^frSrfflU^^O^^^ K 

1 -9-7 r Ti 

2 nIG a N, 

3 nlAlGaNny^^K 

4 nlGaNny^^ hJf 

5 nIG a NJB 

6 plGaNi 

7 piA 1 GaNrjy^^ hJf 

8 pll nGaNay^? bJf 

9 pIGaNny^^M 

10 mi <?)±mm 

11 ^2cD^Mii 

i 2 j'y/xfy (w) a 

13 yu-y^m 

1 4 J\y—^A (Hf )i 
1 5 T^S— ( A 1 ) m 

i 6 (h f ) 

17 i(Au)l 

18 (Ti)i 

1 9 7>?'x^y (w) 

2 0 A ( Au ) m 
2 2 



10 1 

10 2 

10 6 
113 

12 1 

12 2 

12 3 



nlGaNl 
pMGaNJB 

n OTBS 
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[01] [02] 




[03] 




i 1- 



i 



0-2 0.3 
VOLTAGE (V) 



0.4 0.5 



§20 

| 10 
cr 

O 

0 



[04] 





■ \— \— > 








i t 








■--^^-j-^^j- 
















^- — ^ _, 

i i 

! 1 1 
1 1 1 


1 
1 
1 

1 



0.2 0.4 0-6 0.8 
VOLTAGE (V) 



1 .2 
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[05] [06] 




4M104 AA04 BB02 BB05 BB08 BB13 

BB14 BB36 CC01 DD34 DD37 

DD79 FF17 GG04 HH15 

5F041 AA21 CA02 CA03 CA34 CA40 

CA46 CA83 CA88 CA92 



